
GAMMA. CAMERA. USING ROTATING SCINTILLATION BAR DETECTOR AND 
METHOD FOR TOMOGRAPHIC IMAGING USING THE SAME 


BACKGROUND OF THE INVENTION 

1. Field Of The Invention 

The present invention generally relates to nuclear 
medicine, and systems for obtaining nuclear medicine 
images of a patient's body organs of interest. In 
particular, the present invention relates to a novel 
detector configuration for nuclear medical imaging systems 
that are capable of performing single photon emission 
computed tomography (SPECT) to obtain tomographic images. 

2. Description Of The Background Art 

Nuclear medicine is a unique medical specialty 
wherein radiation is used to acquire images that show the 
function and anatomy of organs, bones or tissues of the 
body. Radiopharmaceuticals are introduced into the body, 
either by injection or ingestion, and are attracted to 
specific organs, bones or tissues of interest. Such 
radiopharmaceuticals produce gamma photon emissions that 
emanate from the body. One or more detectors are used to 
detect the emitted gamma photons, and the information 
collected from the detector (s) is processed to calculate 
the position of origin of the emitted photon from the 
source ( i.e. , the body organ or tissue under study) . The 
accumulation of a large number of emitted gamma positions 
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allows an image of the organ or tissue under study to be 
displayed. 

Single photon imaging, also known as planar or SPECT 
imaging, relies on the use of a collimator placed in front 
of a scintillation crystal or solid state detector, to 
allow only gamma rays aligned with the holes of the 
collimator to pass through to the detector, thus inferring 
the line on which the gamma emission is assumed to have 
occurred. Conventional single photon imaging techniques 
require gamma ray detectors that calculate and store both 
the two-dimensional position of the detected gamma ray (in 
x, y coordinate form) and its energy (typically in keV) . 

Present day single photon imaging systems all use 
large area scintillation detectors (on the order of 2000 
cm 2 ) . Such detectors are made either of sodium iodide 
crystals doped with thallium (Nal(Tl)), or cesium iodide 
(Csl) . Scintillations within the Nal crystal caused by 
absorption of a gamma photon within the crystal, result in 
the emission of a number of light photons from the 
crystal. The scintillations are detected by an array of 
photomultiplier tubes (PMTs) in close optical coupling to 
the crystal surface. Energy information is obtained by 
summing the signals from the PMTs that detected 
scintillation photons, and position information is 
obtained by applying a positioning algorithm to the 
quantitative signals produced by the PMT array. The 
original gamma-ray camera is described in U.S. Patent No. 

3,011,057 issued to Hal Anger in 1961. 

%. 

Because the conventional Anger camera uses a thin 

planar sheet or disk of scintillation crystal material, 

it is necessary to cover the entire field of view of the 

crystal with light detectors such as PMTs or photodiodes. 

PMTs do not contribute to high spatial resolution because 
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of their large physical size (-7 6 mm) and the uncertainty 
in PMT output signals as a function of scintillation 

event positionr-the- . The signal from a PMT as a function 

of position b ei ng f orms a bell-shaped curve having a (Light 

Response Function or LRF) whose slope that (or lack thereof) 
introduces uncertainty as to the position of the 
scintillation event that produced it. Complex position 
calculating electronics thus are usually required to be 
used with PMT detectors. 

Add i t i ona ll y, th e sampl i ng cap a b i l i ty of such sc i nt ill at i on crysta l s cou l d 
b e i mprov e d by i ncr e asing th e numb e r of gamma photons absorbed by th e 
crysta l that e manat e from an i maging obj e ct, and consequent l y i ncreas i ng th e 
number of scint ill ation events that can bo detected for us e i n constructing an 
i m a g e . 

Current design Anger cameras are sub-optimal for higher 
energy gamma ray imaging. Increasing crystal thickness to 
absorb more photons leads to a broader LRF and degraded 
position resolution. In addition, standard collimators 
for high energy photons reguire larger holes and thicker 
septa leading to degraded resolution and "septal" 
artifacts in the image. 

The Csl camera is typically us e d a pixellated system 

with eifeef - each pixel /crystal coupled to a single silicon- 
based photodiode detector or an array of silicon-based 

photodiode detectors , wh i ch d e t e ct sc i nt i l l at i on e v e nts e mitt e d from th e 

Csl crystal.^ Csl crystals are used where the relatively low 
cost, ruggedness and spectral response of the Csl crystal 
are desired in favor of alternative crystal materials such 
as Nal. The c onv e nt i onal Csl camera still requires complex 
po si t i on ca l culat i on positioning electronics T in that each pixel 
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requires a separate electronic processing and readout 
circuit . 

The bar detector is a specific configuration of 
scintillation detector that has been used in astronomical 
and high energy physics applications. The bar detector 
consists of an elongated scintillation crystal bar having 
a relatively small cross section. A photosensor such as a 
PMT is optically coupled to each end of the bar. The 
light from a gamma photon event within the scintillation 

crystal volume is detected by the two PMTs. The timing or 

signa l i nformation The relative amount of light collected at 
each of the two ends can be used to determine the location 
of the event in the bar. Additional bars can be placed 
next to each other for two dimensional detection. 

A so-called rotating slit gamma camera is also known 
in the art, see , e.g. , U.S. Patent No. 4,514,632 to 
Barrett, issued April 30, 1985. The rotating slit camera 
has an elongated slit provided in an opaque disk located 
between the imaging object and the detector, such that 
scintillation event detection is obtained only in one 
dimension along the length of the slit ( i.e. , only a 
single spatial coordinate is obtained) at a time. The 
disk is rotated with respect to the detector to obtain 
spatial position information along other directions. One 
advantage of the rotating slit camera is that it 
eliminates the requirement for the inefficient simple 
collimator or pinhole apertures in the conventional Anger 
camera, which greatly restrict the percentage of gamma 
photons emanating from an imaging object that ultimately 
reach the detector. 

There is thus an existing need in the art to provide 
a new type of tomographic camera that eliminates the need 
for expensive and complex position calculating 
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electronics, while providing high position resolution at 
low or high gamma energies and improving reliability over 
conventional PMT-based cameras, and decreasing cost. 
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SUMMARY OF THE INVENTION 

The present invention solves the existing need by 
providing a gamma camera having a scintillation detector 
formed of a stack of scintillation bar detectors with slat 
collimation. Scintillation photons are detected from the 
ends of the bars by a pair of light-sensitive detectors. 

According to one aspect of the invention, a gamma 
camera includes a number of bar detector strips made of 
scintillating material, arranged in a stack configuration, 

where at least one photodetector is coupled to e ach at 

least one end 

__of the stack, and a slat collimator including a plurality 
of elongated slats, for collimating each of the bar 
detector strips to receive gamma photons in only a single 
dimension. 

According to another aspect of the invention, a 
method of obtaining tomographic images of an object 
includes the steps of obtaining a number of sets of planar 
integral scintillation event data from the object at a 
number of azimuth angles of a rotating scintillation 
detector for each of a number of gantry angles of a gamma 
camera, and reconstructing the sets of planar integral 
scintillation event data to form a tomographic image of 
the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will become more clearly understood 
from the following detailed description in connection with 
the accompanying drawings, in which: 

FI G. 1 is an s . la and lb are isometric viewviews of a 
rotating bar detector gamma camera with slat collimation , 
according to two alternate embodiments of the present 
invention; 
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FIG._2 is an end plan view of the rotating bar 
detector gamma camera of FIGr4 ^s . la and lb; and 

fig._ 3 is an e xplod e d v ie w of on e embodiment of th e 

i nv e nt i on, showing the r e lat i onsh i p b e twoon th e bar d e t e ctor str i ps and th e s l at 
col l imators; a nd 

FIG. A i s a diagram illustrating the use of the rotating 

bar detector camera according to the invention, to obtain 
tomographic images of a subject. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fiq7- 4s. la and lb , according to one 
preferred embodiment of the invention, a gamma camera 
detector 100 is provided, which is constructed of a stack 
of scintillation bars 101. In the preferred embodiment, 
each scintillation bar 101 is a narrow strip of Csl, 
however other scintillator materials can be used, such as 
Nal, LSO, LaBr3, LaC13, etc. 

Each bar 101 is collimated by a "slat" collimator 
103, which collimates gamma photons in one dimension only 
( i.e. , along the length of the bar) , similar to the 
rotating slit camera as disclosed in the abovementioned 
x 632 patent. Unlike the present invention, however, the 
'632 patent utilizes a conventional thin planar sheet of 
scintillation crystal material. 

Light photons generated by absorption of gamma rays 
within the bars 101 are collected at the ends of each bar 

by a pair of photodetectors 201, 202 t (as shown in Fig. 
2 ) . In the preferred embodiment, silicon stft pdrif t 
detectors ( SSDs SDDs ) are used as the light photon 
detectors 201, 202; other types of photodetectors also may 
be used in accordance with the invention, such as small 
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area photodiodes or photodiode arrays, position-sensitive 
PMTs (PS-PMTs) , or other solid-state photodetectors . 

As shown in Fig-r 4s. la-lb , the detector 100 is 
composed of a stack of narrow bar detector strips, each 
having the same length L, width w, and depth d. As 
illustrated, the width dimension w is significantly- 
smaller than the depth d. The bar strips are each 

collimated by slat collimators 103. As shown in F i g. 3 , the 
slat 103 length and spacing matches the length and width 
of the bars 101. The i nd i vidua l bars 101 may b e l ocated b e tw ee n 

s l ats 103, or th e entire slat collimator may be placed in front 
of the bar detector stack with respect to an imaging 

ob j ect . Th e pr e f e rr e d d i m e nsional proport i ons of th e bars 101 ar e not 
shown i n F i g, 3 for s i mplicity. (Fig, la), or the individual bars 

101 may be located between slats 103 (Fig, lb) . 

When placed adjacent to an imaging object that is 
emitting gamma radiation, each collimated bar will absorb 
gamma photons from a plane within the object. Gamma 
absorptions within each narrow strip produce a number of 
light photons that travel along the length of the bar 
strip in each direction, and are collected at the ends of 

the bar strip by the pair of SSDs SDDs 201, 202. As 
explained above, because the slat collimators collimate 
gamma photons in only one dimension (along their length) , 
high position resolution is required in only the dimension 
perpendicular to the collimated bars. Consequently, a 
desirable value for the width w of the bar detector strips 
for contemplated medical imaging applications is on the 
order of 3 mm. 

Because the slat collimators collimate gamma photons 
in only one dimension, the stack of bar detectors collects 
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a set of planar integrals at each rotational position, as 
opposed to the line integrals that are collected by the 
conventional PMT arrays of the conventional Anger gamma 

camera . Thus, aft e r co ll ect i ng an ad e quat e numb e r of planar e v e nts at a 
f i x e d gantry ang le , th e bar d e t e ctor stack 100 is The bar detector stack 

100 is positioned at a fixed gantry angle, and collects a 
sufficient number of events at its initial azimuthal 
position. The bar detector stack 100 then is rotated 
azimuthally about its central normal axis 2 03 as shown in 

Fig. 2. Tho amount of rotat i on can b e 90 d e gr e es, or may bo a d i fferent 

amount. The bar detectors may be rotated through a total 
rotation angle of 180 degrees in increments, such as 3-5 
degree rotational increments. The bar detectors then 

collect anoth e r s e t additional sets of planar events at each 
of the rotat e d rotation angle r increments. As shown in Fig. 

43, the process is repeated at a number of different 

gantry angles 401, 403, 405, and 407 with respect to an 
imaging object 402 such as a patient undergoing medical 
imaging. The resulting sets of planar integrals can be 
reconstructed to form a full tomographic image of the 
object 402. 

Use of the stack of bar detector strips 100 in a 
rotating slat collimator configuration exhibits several 
desirable characteristics. As explained above, because of 
the one-dimensional nature of the detection, high 
positional resolution is required only in the dimension 
perpendicular to the slat collimators, and thus a narrow 
width bar detector strip on the order of 3 mm may be used, 
with light photon collection at each end. Position 
information along the bar is not required. Because light 
produced by scintillation events in each bar is channeled 
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within the small area of each bar, extremely high count 
rates are possible without pileup from spatially separated 
events, especially if each bar detector is provided with 
its own detector readout electronics (in the case of PS- 
PMTs, each PS-PMT would detect light from multiple bars, 
with a corresponding reduction in the maximum count rate) . 

The reduction in pileup in turn allows the use of 
slower scintillator materials, such as Csl, which are 
well-matched to compact photodetectors such as photodiodes v 

and SSDs. Furth e r, whi le th e spat i al reso l ut i on a l ong th e le ngth of th e bar 
d e t e ctors i s li m i t e d by th e li ght co lle ct i on rat i os b e tw ee n the -paif^ef 
photod e t e ctors 201 , 202 at e ach e nd, i t is sti ll good e nough to p e rform en e rgy 

corr e ction ("Z map" SDDs . Because it is not necessary to 
determine spatial positioning of individual events along 
the length of the scintillation bars for image 
construction, no positioning calculations are reguired for 
imaging. Simple, fast positioning algorithms utilizing 
light collection ratios between the pair of photodetectors 
201, 202 allow sufficient spatial resolution along the 
length of the bar to be utilized for the purpose of 
performing energy correction (e.g., energy correction 
based on spatial position of the event ) to improve system 
energy resolution. 

The use of SSDs SDDs as photodetectors coupled to Csl 
bar detector strips is of particular interest, in that 
SSDs SDDs may be grown to match the cross-section of the 
bars (either as single photodetectors or as arrays) , and 
SSD s SDDs are very low noise devices. Each pair of 

SSDs SDDs collects the total light produced by each gamma 
event, thus providing a large signal-to-noise ratio. 
However, as mentioned above, arrays of smaller area 
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photodiodes coupled to the bar detectors, or position- 
sensitive PMTs, are other possibilities for implementation 
of the photodetectors . 

Because the depth of the bar detector does not affect 
spatial resolution, high spatial resolution is possible at 
high gamma ray energies, and the septa (slat collimators) 
can be made thick without causing septal artifacts in the 
resulting images. 

The rotating bar detector gamma camera according to 
the present invention provides a number of advantages in 
the art, including: relatively low overall cost; 
elimination of drift-prone PMTs and associated complex 
position calculation electronics; use of reliable solid- 
state silicon detectors; complete elimination of the need 
for positioning electronics, or alternatively use of very 
simple position readout electronics for energy correction ; 
a compact, flat detector profile, and high position 
resolution at all energy levels. 

Although the preferred embodiment of the invention 
includes photodetectors at each end of each scintillation 
bar, an alternative embodiment of the rotating bar 
detector would collect light at only one end of the bar, 
with an optimal surface treatment at the other end of the 
bar, such as a reflector, a diffuse surface treatment, or 
other surface treatment that optimizes light collection by 
the photodetector . This would reduce electronics 
complexity and cost to a bare minimum, but with the 
tradeoff of degraded energy resolution as less light would 
be collected for each event, as no energy correction based 
on event spatial location would be possible. The 
invention having been described, it will be apparent to 
those skilled in the art that the same may be varied in 
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many ways without departing from the spirit and scope of 
the invention. Any and all such modifications are 
intended to be included within the scope of the following 
claims For example, while the invention has been 
described with respect to a nuclear medicine application, 

the novel imaging camera may have applications in other 

. areas, such as scanning very large volumes with minimal 

crystal material — e.g., scanning cargo containers for 

radioactive material or for explosives using the (n,y) 

reaction which causes nitrogen rich material to emit high 

energy gammas . 
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ABSTRACT OF THE DISCLOSURE 

A gamma camera includes a number of bar detector strips 
made of scintillating material, arranged in a stack 
configuration, where at least one photodetector is coupled 

to one or both ends of each end of th e stack detector strip , and 
a slat collimator including a plurality of elongated slats, 
for collimating each of the bar detector strips to receive 
gamma photons in only a single dimension. According to 
another aspect of the invention, a method of obtaining 
tomographic images of an object includes the steps of 
obtaining a number of sets of planar integral scintillation 
event data from the object at a number of azimuth angles of 
a rotating scintillation detector for each of a number of 
gantry angles of a gamma camera, and reconstructing the sets 
of planar integral scintillation event data to form a 
tomographic image of the object. 
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